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Blood-sucking Insects as Transmitters of
Anthrax or Charbon.
By Harry Morris
Anthrax or Charbon is one of the common live stock diseases
in certain sections of Louisiana. Sporadic cases of the disease
occur during the greater part of the year, but enzootics always
appear during the warm summer months. Several theories have
been given concerning these outbreaks, namely, previous infec-
tion, favorable climatic conditions, neglect in the proper sani-
tary care of anthrax carcasses, blood-sucking insects, and many
others.
In work carried on in the Louisiana Experiment Station for
the past three years an attempt has been made to find out the
relation between certain blood-sucking insects and the transmis-
sion of anthrax. In the past a few articles have been published
concerning the transmission of anthrax by biting flies.
In the review of literature on anthrax very few data have been
given concerning the transmission of this disease by the biting
of blood-sucking insects. Schuberg and Kuhn1 , in 1912,
transferred anthrax infection from a cadaver to a living animal
through the biting of Stomoxys calcitrans.
The most extensive research work along this line has been
carried on by Mitzmain2 , who succeeded in transmitting anthrax
through the bites of Stomoxys calcitrans and Tabanus striatum.
In Louisiana, Dalrymple and Dodson3 , as early as 1900, gave
a record showing the relation of the density of the blood-sucking
insects to the outbreak of anthrax. But while they were more or
less positive in their opinions, based upon what seemed strong
circumstantial evidence, they did not submit any direct proof at
the time of transmission of infection by the flies.
After observing several enzootics of anthrax in Louisiana it
appeared that some unknown factor was playing a prominent
part in the continuance and spread of this disease. For that
1Schuberg and Kuhn. Ueber die Uebertagung von Krankheiten durch
einheimesche stechende Insekten. Arb. a. d. kais. Gesundheitsamte
(1912), Heft 2, Bd. XL, 209-234.
2Mitzmain, 11. Summary of Experiments in the transmission of
anthrax by Biting Flies, U. S. Public Health Service, Hygienic Labora-
tory Bulletin No. 94 (1914).
3Palrymple, Louisiana Bui. No. 60 (1900).
4reason a study of some of the most common blood-sucking insects
was undertaken in the pathology laboratory of the Louisiana Ex-
periment Station.
The following article is a report of the work to date. Many
phases of this subject have not been touched in this report. It is
hoped that the results given will assist in the sanitary control of
anthrax in Louisiana.
The purpose of the experiments was to test the possibility of
anthrax transmission through the biting of blood-sucking insects.
As enzootics of anthrax occur during the prevalence of these
insects, it was considered possible that the anthrax bacilli might
be carried on the proboscis of an insect to healthy animals after
having fed upon an animal sick with anthrax. All experiments
were conducted with experimental animals under as nearly nat-
ural conditions as possible. Pure cultures of anthrax spores
were used in producing the disease.
The flies used in these experiments were the horn fly, Eaema-
tobia irritans L., and a horse fly, Tabanus sp. This horse fly was
sent to the IT. S. Bureau of Entomology to be identified. Mr.
Frederick Knab reported that the species was Tabanus sp. near
nigrovittatus Macq., apparently undescribed.
The mosquitoes used were Psorophora (janthinosoma) sayi
D. &. K. and Aedes sylvestris Theob. These determinations were
also made by Mr. Knab.
Technique.
Guinea pigs were inoculated with a loop of anthrax spores
injected subcutaneously or into the abdominal cavity. These
inoculated guinea pigs were used as sources of infection except in
one experiment where a sheep was used. The same strain of an-
thrax was used in nearly all the experiments and proved to be
very virulent.. Death would occur in adult guinea pigs twenty-
eight hours after inoculation or sooner in younger animals.
The Horn fly is one of the most predominant of all the species
of blood-sucking flies. It is prevalent during the greater part of
the year, and is found, during the summer months, in swarms
feeding upon cattle, more especially upon animals with dark
coats, to evade detection.
The flies were collected in a net from the black cattle on the
5Fig. 1—The cage in which horn flies were kept while feeding upon a
guinea pig.
Experiment Station farm. Very little difficulty was experi-
enced in collecting the Horn flies in this manner, and very few
other species of flies were found among the large number col-
lected. But, as with other workers, great difficulty was experienced
in keeping the flies alive in capitivity, due to the fact that, if left
unfed for twelve hours they would practically all die. Frequent
feeding upon a living animal was found necessary if they were to
be kept alive for any length of time.
The Horn flies were confined in a cage (Fig. 1) similar to the
one described by Francis.1
Francis, Journal of Infectious Diseases, Vol. XV, page 3 (1914).
6This cage was a wooden box with curved open top covered
with fine wire screen, as shown in the illustration. The number
of flies used in a cage would vary from one hundred to three
hundred.
The guinea pig which had been previously inoculated with
anthrax was tied on the cage and allowed to remain for one
minute. Then, after removing the animal, the screen was disin-
fected with a 1-1000 bichloride of mercury solution to eliminate
the danger of infecting the healthy guinea pigs through' skin
lesions. The healthy guinea pig was then fastened on the cage
and allowed to remain from one to three minutes. The horn fly
will usually feed from three to six minutes. By this method the
feeding was interrupted, being started on one animal and con-
tinued or completed on another.
The length of time which elapsed between the time of feed-
ing on the infected animal and its death was noted in every case
in order to determine at what period in the development of the
disease virulent organisms could be transferred by the flies. The
animals used were in different stages of the disease, ranging from
six hours before death to thirty minutes after death.
In some experiments the hair was removed from the abdom-
inal surface of the guinea pigs, but this was not necessary be-
cause it did not seem to affect the percentage of infections pro-
duced.
After death all guinea pigs were posted and bacteriological
examinations made of the blood taken from the spleen. All
doubtful cases were cultured and animal inoculations made to
prove results.
The results of these experiments are given in Table 1
:
7TABLE 1.
Anthrax Transmission by the Horn Fly.
Length of Time from Death of
Infected Animal.
Six hours before death
Five hours before death
Four hours before death
Three hours before death
Two hours and thirty minutes before death
Two hours before death
One hour and thirty minutes before death
One hour before death
Thirty minutes before death
Fifteen minutes before death
Five minutes before death
At death
Fifteen minutes after death
Thirty minutes after death
Number
of
Guinea
Pigs
Bitten
by
Flies.
Number
Dying
With
Anthrax.
Percentage
of
Infection.
10 0 00
18 0 00
17 2 11
15 3 20
15 4 26
14 3 21
16 5 31
20 8 40
22 12 54
20 10 50
20 11 55
15 5 33
10 10
12 0 00
The above table shows that the flies feeding upon an infected
guinea pig four hours before its death transmitted the disease
to healthy pigs. In only one instance was the same
result ob-
tained by the flies feeding upon an infected carcass. The results
indicated that the greatest number of transmissions took place a
short time before .the death of the infected host. This was due
to the fact that anthrax bacilli become generalized in the circula-
tion of the animal a short time before death. The horn fly
would not feed upon the infected carcass of a guinea pig satis-
factorily.
In some cases the internal form of anthrax was produced,
but in the majority the external or carbuncular form was most
common. The guinea pig died anywhere from forty-eight to
seventy-two hours after being bitten by the flies.
The transmission of the disease seemed to be mechanical, the
anthrax bacillus being carried from the infected host to the sus-
ceptible animal on the soiled proboscis of the fly.
A few experiments were conducted in which a period of time
8elapsed between the feeding on the infected host and the sus-
ceptible animal. The results were negative.
In another experiment an infected sheep was used as the
source of infection. The same technique was used as in the pre-
ceding experiment. Each cage contained about one hundred and
fifty horn flies. The flies were allowed to feed for one-half
minute upon the abdominal surface of the sheep, after which the
screen was disinfected with a 1-1000 solution of bichloride of
mercury. Immediately the 'flies were permitted to feed upon the
body of a healthy guinea pig. The results are given in Table 2
below
:
TABLE 2.
Anthrax Transmission by Horn Fly from Sheep to Guinea Pig.
Length of Time from Death of
Infected Animal.
Thirty minutes 'before death
Fifteen minutes before death
At death
Fifteen minutes after death.
The table shows that eight out of nine pigs died of anthrax.
No doubt the high percentage of infection was due to the large
number of anthrax bacilli being present in the peripheral blood
of the sheep.
Experiment With Horsefly.
The horsefly, Tabamis sp., was collected, during the middle of
the day, from horses and cows in the fields just north of Baton
Rouge. The fly appeared in great numbers during the latter
part of August and through the month of September, 1915. This
species was used because the flies were collected with little diffi-
culty and while in captivity bit like fiends when placed on any
living animal. The host gave evidence of great pain when the
fly was feeding and quite often a drop of blood would escape
after the fly had finished feeding.
9Fig. 2.—Glass jar with screen top used in horse fly and mosquito work.
Method.—Small glass jars, as shown in the accompanying
illustration, Figure 2. with wire gauze covering, were used as
retainers for the flies. One fly was placed in each jar. Several
guinea pigs, including the infected one. were secured on small
tables with the abdominal surface up. The screen covering the
jar was placed against the abdominal surface of an infected pig
in the last stages of the disease. Just as soon as the fly com-
menced feeding the jar was removed and placed upon a healthy
guinea pig, where the feeding was completed. If the screen cov-
ering of the jar came in contact with blood from the infected
animal the metal cap was removed and replaced with a clean one
before feeding upon the healthy animal. This was done to avoid
inoculation through skin lesions. Table Xo. 3 gives the results
of these experiments.
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TABLE 3.
Anthrax Transmisson by the Horsefly.
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The above table shows a rather high percentage of infections
produced by the method of interrupted feeding. The carbun-
cular form of anthrax was produced in the majority of cases.
The flies would not feed satisfactorily on the carcass of a guinea
Pig-
Under field conditions another species, a black horsefly,
Tabanus atratus Fab., sometimes feeds upon carcasses thirty
minutes or more after death. Virulent cultures of anthrax have
been obtained from the bodies of these flies which had been feed-
ing upon the carcass of an animal that had died of anthrax.
These flies could not be induced to feed in captivity, although a
great number were collected and different technique used.
It is quite common during the fly season to see blood dropping
from the bellies of horses and mules, due to the biting of differ-
ent flies of the genus Tabanus. In this manner anthrax could be
spread from animals suffering with the disease.
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Experiments With Mosquitoes.
The mosquitoes used in this work were collected near Baton
Rouge. Psorophora (janthinosoma) sayi D. & K. were found in
great numbers in the low-wooded lands along the Mississippi
River. They did not like to come into the hot sunshine, but were
easily captured on the body of a horse driven into the woods.
The animal showed evidence of great pain by their bites. Indi-
viduals of this species were easily recognized on account of the
bobbing of their third pair of legs through the air while feeding.
The other species of mosquito, Aedes sylvestris, Theob, was
very common in Baton Rouge during the summer of 1915, and
could be collected while feeding upon man or animal. They bit
voraciously, and were very annoying to live stock, even the thick
skin of a cow could be punctured with apparent ease.
Method.—The same technique was used as with the horsefly.
The mosquitoes were retained in the same jars (Fig. 2) and
allowed to feed through a fine copper gauze. The interrupted
method of feeding was used and from one to five mosquitoes were
allowed to feed upon each pig. No difference could be noticed in
the number of transmissions by the different species. All results
are combined in Table No. 4, below
:
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TABLE 4.
Anthrax Transmission by the Mosquito.
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The above table shows that the anthrax was transmitted
through the biting of mosquitoes for a period of three hours be-
fore until ten minutes after the death of the infected host. As
with the flies, the greatest number of infections was produced
just before or at the time of death of the infected guinea pig.
The mosquitoes would fede upon the carcass of a guinea pig for
only a few minutes after death. Both the internal and carbun-
cular forms of anthrax were produced.
Examination of Insect Excrement for Anthrax Bacilli.
The subject of fecal contamination was also studied in con-
junction with the transmission experiments described in this
work.
The same bottles were used for retainers for the insects as in
the previous experiment (Plate 2). It was first necessary to
determine the presence of anthrax bacilli in the blood of the in-
fected host before permitting the experimental insect to feed.
The following method was adopted:
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Method.—A mosquito or fly was allowed to feed upon the in-
fected host until engorged with blood, then killed
and the blood
pressed from the body upon a clean slide. The blood smear
was
stained in the usual manner and examined under the
microscope.
If anthrax bacilli were present in large numbers other
experi-
mental insects were allowed to feed upon the same area
on the
infected host. Feeding was a very simple operation while
work-
ing with the horsefly and mosquitoes, as they ^ould feed
about
every second dav. But it was almost impossible to induce
single
horn flies to feed while confined in a bottle. This
presented a
serious problem because this fly would not live for any length
of
time unless fed upon the blood of a living animal. To
overcome
this difficulty in feeding it was found necessary to place a dozen
flies in a bottle and then all would feed immediately when the
screened top was placed in contact with a living animal.
After
feeding upon an infected guinea pig, the flies were anesthetized
and each put into a sterile bottle and permitted to deposit upon
the glass of the bottle.
The fresh fecal deposits were cultured each day by removing
the "specks" from the surface of the glass by means of a heavy
platinum needle, and cultures made in agar dilution plates.
After incubation for twenty-four hours at 37.5° C. the cultures
were examined and all colonies resembling anthrax were recul-
tured and inoculations made into guinea pigs. Eesults obtained
are given in the table below:
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TABLE 5.
Examination of Excrement for Anthrax Bacilli
Name of Insect.
Haematobia irritans
Tabanus
Mosquito
0-3 426 6
3-6 344 5
6-9 230 0
9-12 148 0
12-15 35 0
15-18 25 0
18-24 10 0
1-12 54 2
12-24 49 0
24-48 48 0
48-72 40 0
72-96 36 0
96-120 30 0
120-144 24 0
144-168 19 0
168-192 10 0
192-216 8 0
0-24 250 0
24-48 211 0
48-72 124 1
72-96 54 0
96-120 36 0
120-144 20 0
144-192 8 0
192-240 8 0
The above table shows that one thousand two hundred and
eighteen "specks" from the horn fly were cultured and eleven
produced colonies of anthrax. These colonies were found within
six hours after feeding upon an infected host. Two colonies of
anthrax were found in three hundred and eighteen "specks"
from the horsefly. One colony of anthrax was found in seven
hundred and eleven "specks" examined from the mosquito.
The above results would indicate that anthrax bacilli are
mostly if not entirely destroyed in the digestive tracts of the
15
above described insects when ingested from the Mood of an animal
sick with anthrax. The few colonies found might have been
pro-
duced from contaminated feet and bodies of the insects.
Xo attempts were made to feed anthrax spores to see if they
would pass through the digestive tract. In this work no
micro-
organism was considered anthrax unless it proved virulent for
a
guinea pig. This precaution was taken on account of the
prev-
alence of pseudo-anthrax in this locality, an organism which is
found in laboratory cultures and mistaken for anthrax.
Summary and Conclusion.
Briefly the results of the experiments described above may be
summed up as follows
:
1. Horn fly, Haematobia irritans, and the horse fly, Tabanus
sp., are capable of transmitting anthrax by feeding upon a
healthy animal after biting an infected one.
2. Mosquitoes, Psorophora (janthinosoma) sayi D. & K. and
Aedes sylvestris Theob., can transmit anthrax in the same man-
ner as flies.
3. The results would indicate that anthrax is not usually
spread in the excreta of the above insects after feeding upon the
blood of an animal sick with anthrax.
In this report on the subject of anthrax transmission by
blood-sucking insects common to Louisiana we have given a sum-
mary of the work and results obtained. A great many points of
scientific importance have not been touched in this work. A
large number of insect pests should be investigated to determine
the part played by them in the continuance and spread of anthrax
in Louisiana.
The results of this work should prove the necessity of pro-
tecting animals sick with anthrax, against the biting of blood-
sucking insects, if the disease is to be controlled. They also show
the necessity of keeping valuable animals in screened buildings
during the outbreaks of this disease.

